Abstract: Volatile sulphur compounds (VSC) are the gases mainly responsible for halitosis (bad breath). The aim of this research was to evaluate the effects of medicinal plants on halitosis control. Two commonly used plants were tested: Curcuma zedoaria and Camellia sinensis (green tea). These plants were prepared as an aqueous solution and used as mouthwashes, compared with a standard mouthwash of 0.12% chlorhexidine gluconate and a placebo (water). The experiment was conducted with 30 volunteers from the School of Dentistry of São Jose dos Campos, Univ. Estadual Paulista -UNESP, SP, Brazil. Each volunteer tested the four mouthwashes. The Cysteine Challenge Method, modified for this study, was used for initial breath standardization. Four breath assessments were conducted after volunteers rinsed orally with acetylcysteine: one before the test mouthwash was used; the second, one minute after its use; a third 90 minutes later; and the last 180 minutes later. The results showed that chlorhexidine gluconate lowered VSC production immediately, and that this effect lasted up to 3 hours, while the tested plants had immediate inhibitory effects but no residual inhibitory effects on VSC. We concluded that Curcuma zedoaria and Camellia sinensis, prepared as infusions and used as mouthwashes, did not have a residual neutralizing effect on VSC.
Introduction
Halitosis is a condition frequently characterized by a disagreeable odor emanating from the oral cavity. It mainly affects the adult population, 1 where its source is intra-oral (90% of cases) 2 or extra-oral (10% of cases), and treatment for the latter is much more complicated than that for intra-oral halitosis. Intra-oral halitosis is caused mainly by the action of proteolytic anaerobic Gram-negative bacteria, which reside on the superficial surfaces of the teeth and tongue, and also in the periodontal pockets. 3, 4 The bacteria metabolize amino acids such as methionine, cystine, and cysteine, 5 resulting in the production of sulphur-containing gases, known as Volatile Sulphur Compounds (VSC), particularly hydrogen sulfide (H 2 S) and methyl mercaptan (CH 3 SH), which are mainly responsible for bad breath (halitosis). bacteria in the mouth is an important tool to combat halitosis. If halitosis persists even after oral hygiene, it is possible that bacterial control is insufficient, in which case patients are advised to gargle and rinse with mouthwashes. 7, 8 It is believed that rinses and toothpastes containing herbal ingredients have anti-plaque and anti-gingivitis activity. Haffajee et al. 9 tested the effects of herbal, essential oil, and chlorhexidine mouthrinses on the composition of the subgingival microbiota and clinical periodontal parameters in 116 subjects, and observed that all mouthrinses tested produced improvements in clinical parameters in the periodontal maintenance subjects.
This paper discusses the effects of two medicinal plants popularly consumed as tea and indicated for the control of halitosis-Camellia sinensis and Curcuma zedoaria-with the goal of verifying their effects on the production of VSC in vivo.
Some authors have observed antimicrobial effects with extracts of Camellia sinensis in vitro. 10, 11 Lodhia et al. 12 observed reductions in VSC in vivo immediately after the use of green tea powder, and Zeng and others 13 observed a reduction in the levels of CH 3 SH and H 2 S in vitro after the use of a green tea extract.
In vitro studies have demonstrated significant activity of the essential oil of Curcuma zedoaria against Gram-positive and -negative micro-organisms and fungi, 14, 15 as well as low cytotoxicity when fluid extract is used in preparations for oral hygiene, mostly for antiseptic purposes. 16 Since these two plants are often popularly referred to for the control of halitosis, and on the assumption that they possess antimicrobial activity in the mouth, we used these plants in this study in the form of mouthwashes to assess their ability to reduce the formation of VSC produced by proteolytic bacteria.
Methodology
This study was performed ethically in accordance with the Declaration of Helsinki (World Medical Association Tests were undertaken on 30 volunteer adults of both sexes, between 19 and 43 years of age, all of whom were made fully aware of the terms of consent.
The inclusion criteria included the absence of natural halitosis (VSC below 110 ppb) observed by the measurement of VSC before subjects rinsed with acetylcysteine. Thus, readings above 110 ppb were standardized according to the "Cysteine Challenge Model". 17 This model uses L-cysteine in a 6-mM aqueous solution at a pH of 7.2. For this study, Nacetylcysteine was used as a source of cysteine at a concentration of 57 mM at a pH of 6.1.
All participants were in good general and periodontal health. They had at least 20 natural teeth, were non-smokers, did not wear orthodontia, were not undergoing any medical treatment, were taking no medication, and were not using oral mouthwashes.
The volunteers tested 4 different mouthwashes:
• Camellia sinensis (green tea),
• Curcuma zedoaria, • 12% chlorhexidine gluconate, and • a placebo (water).
All mouthwashes were alcohol-free. The volunteers used each mouthwash only on the test day, allowing an interval of one week between tests. The participants did not know what substance they were using.
The Camellia sinensis used in the study was manufactured by the phytotherapeutic laboratory Herbarium (Colombo, Brazil). Each individual sachet contained 1.5 g of ground green tea leaves. The solution of oral mouthwash was prepared by infusion of the sachet in 200 mL of recently boiled filtered water, where it was allowed to steep for 3 minutes. The sachet was then removed, and the solution was allowed to cool naturally for 1 hour before being used as a mouthwash.
The Curcuma zedoaria used in the study was manufactured by the phytotherapeutic laboratory Panizza (Taboão da Serra, Brazil). It was supplied in powdered form from the root of the above-mentioned plant. The mouthwash was prepared by de-Braz Oral Res., (São Paulo) 2012 Nov-Dec;26(6):523-9 coction, that is, a 2.2-g quantity of the powdered root was placed in 200 mL of filtered boiling water for 5 minutes, according to the manufacturer's recommendations. The solution was allowed to cool naturally for approximately 1 hour prior to being used as a mouthwash.
As a positive control, a solution of 0.12% chlorhexidine gluconate was used. No sweetener, flavoring, coloring, or alcohol was added. As a negative control, natural mineral water was used.
To measure the VSC produced by the volunteers, we used a portable sulphur monitor, Halimeter  RH-17K (Interscan Corp., Chatsworth, USA), a device widely used in halitosis research. It is relatively inexpensive, easy to use, has good sensitivity for VSC, especially H 2 S, and has a numeric display that shows the presence of VSC in parts per billion (ppb).
All subjects were advised to avoid spicy foods or strong seasonings (such as onions and garlic) 24 hours before the tests, along with chewing gum, boiled sweets, coffee, breath fresheners, and fragrances 4 hours before the tests. The tests were conducted approximately 1 hour after a meal. Subjects were also advised to avoid any food or drink until the tests were completed.
Tests were divided into 3 phases:
• (a) 1 st phase -Each subject rinsed with a 10-mL solution of acetylcysteine for 30 seconds, expectorated, then kept his/her mouth closed for 60 seconds. Breath was monitored (initial instant). One minute later, the patient rinsed his/ her mouth with a 10-mL test solution for 30 seconds. The patient then expectorated and was advised to keep his/her mouth closed for 60 seconds before another breath measurement was taken (final instant -1), to check the immediate effect of the test. The patient was then advised to return after 90 minutes.
• (b) 2 nd phase -Rinsing was repeated with a solution of acetylcysteine, and a new breath measurement (final instant -2) was taken to test the residual effect 90 minutes after use of the tested solution. The patient was then advised to return after 90 minutes.
• (c) 3 rd phase -As in the second phase, undertaken 3 hours after the start of testing, to measure the residual effect after a period of 180 minutes (final instant -3). The patient was then dismissed.
The statistical analysis of the results obtained presents data for the measured VSC by monitoring the presence of sulphur after subjects rinsed with the different mouthwashes after three consecutive time intervals:
• after 1 minute, • after 90 minutes, and • after 180 minutes.
The calculation was made by the difference between the measurements for VSC at the initial instant and at the final instant, and the data were transformed into percentages.
The graphs and Friedman's ANOVA tests (and Dunn's multiple-comparison tests) were made with the computer program GraphPad Prism (version 4.02 for Windows, GraphPad Software, San Diego, USA).
Results
The results of this study showed that, 1 minute after subjects rinsed with the test mouthwash, there was a reduction in the concentration of VSC (with little variation among the groups). The results with water and Camellia sinensis were similar, being slightly different from those with Curcuma zedoaria, and, to a greater degree, different from those with chlorhexidine ( Figure 1A) . Table 1 presents the data in percentages (%), as well as the results of Dunn's test (to identify similar groups).
Ninety and 180 minutes after subjects rinsed with the test mouthwashes, there was a reduction in the concentration of VSC in the chlorhexidine group. There was an increase in VSC in the remaining groups. The results with water, Camellia sinensis, and Curcuma zedoaria were similar; however, they were different from those of the chlorhexidine group (Figures 1B and 1C ; Tables 2 and 3 ).
Discussion
The use of oral mouthwashes to control dental plaque, gingivitis, and halitosis is widespread, in bactericidal, and fungicidal properties. 14, 15, [18] [19] [20] In this experiment, the plants were used in their natural state, having undergone no chemical processes such as those used in the preparation of tinctures and organic extracts. This was done because we judged it more appropriate to evaluate the plants' effects in the form commonly used by the public and in the amount recommended by manufacturers for a cup of tea. The plants were used in isolation, without the addition of other chemical or herbal substances, thus avoiding potential interactions such as synergy or antagonism. 21 Curcuma zedoaria is widely used and has a large margin of safety for human consumption. Ficker et al.
14 consider that these specimens (from the Zingiberaceae family) are excellent candidates for the development of phytotherapeutic anti-fungals. Sandrini et al. 22 consider that aqueous solutions of 7.1% (for mouthwashes), obtained from hydro-alcoholic extracts of Curcuma zedoaria, can be used as auxiliaries for the mechanical control of dental plaque and gingivitis. This is because they present significant anti-inflammatory and antimicrobial properties, and also because of their low toxicity in the form of mouthwashes. Studies by Lai et al. 20 and by Wilson et al. 15 conclusively proved their inhibitory action against some Gram-positive and -negative micro-organisms and fungi, by the use of essential oils and extracts of Curcuma zedoaria obtained from different organic solvents. There was no effect when water was used as a solvent.
Navarro et al., 23 using hydro-alcoholic extracts of Curcuma zedoaria, observed analgesic and antiinflammatory effects in rats, and claimed that many studies have confirmed most of the popular indications for these plants.
Camellia sinensis has effects on a variety of tandem with traditional mechanical controls. However, few available commercial products utilize medicinal plants.
In this study, we chose the medicinal plants Curcuma zedoaria and Camellia sinensis to evaluate their effects on the production of VSC. There are many references to these plants in electronic media relating Curcuma zedoaria and green tea to the treatment of halitosis. Also, there are references in the scientific literature describing their medicinal, micro-organisms, and although the mechanism is unclear, the potential of Epigallocatechin gallate (EGCg), the main antimicrobial tea catechin, in reducing periodontal disease has been suggested. 18 Xu et al. 19 studied in vitro the inhibitory effects of EGCg and found that it inhibited bacterial growth and was bactericidal. At sub-MIC levels, EGCg inhibited CH 3 SH production, mgl mRNA, and protein expression. They concluded that EGCg may represent a natural and alternative agent to the antimicrobial chemicals currently available for halitosis control.
Matsumoto et al., 11 studying the effects of extracts of Camellia sinensis, observed that several bacteria and fungi were sensitive to the extracts. Among them were Escherichia coli and strains of Staphylococcus aureus.
Researching the anti-cariogenic activity of green tea, Sakanaka et al. 10 verified that a metanolic extract of tea inhibits the growth of the bacterium Streptococcus mutans. Besides the possible control and prevention of infections in humans, principally caries, the cited authors consider tea from Camellia sinensis a functional food for oral health.
The above studies indicate that perhaps the aqueous extracts of both plants are not ideal to prevent the presence of micro-organisms in the mouth, since the extracts obtained from organic solvents produce more efficient microbiological results. Similar conclusions were obtained by Lauten et al., 21 by testing an herbal mouthwash with Camellia sinensis in its composition. Furthermore, among the micro-organisms sensitive to the plant extracts, only a limited number are VSC producers and frequently found in periodontal disease.
Studying chemical compositions, Saito et al. 24 compared the Camellia sinensis teas produced by a Brazilian company with samples of teas produced in Japan and China. They concluded that the quantities of EGCg found in the Brazilian green teas were greater than the quantities found in black tea produced in the same region of Brazil, and also greater than in the imported green teas. This could be due to differences in climate and soil in Brazil and also to the variety cultivated. One important factor to be considered in our study, in analysis of the experimental results, is the fact that plants in general are very sensitive to environmental variations, and their biological properties are influenced by climate, biodiversity, botanical varieties, and drying periods, and therefore may not always present the necessary therapeutic effects.
All study participants had good periodontal health, and hence their oral flora contained low numbers of the bacteria that cause periodontal illnesses. For that reason, most of the VSC production observed in the participants, after rinsing with acet- ylcysteine, was the result of the action of proteolytic micro-organisms, perhaps present on the tongue, 4 that were not sensitive to phytotherapeutic mouthwashes.
The results of our tests showed that topical action of aqueous extracts of Curcuma zedoaria and Camellia sinensis had immediate inhibitory effects and no residual inhibitory effects on the production of VSC in vivo during the periods tested.
Since these two medicinal plants are popularly consumed as tea and indicated for the control of halitosis, one hypothesis to consider is that their related anti-halitosis action could also be due to the ingestion of teas, not only because of their topical effects. If this is true, investigation concerning the systemic effects of tea is necessary, particularly since these plants are also used in the treatment of digestive problems.
Conclusions
From the obtained results and within the experimental conditions of this research, it was possible to conclude that the aqueous extractions of Camellia sinensis and Curcuma zedoaria (used as oral mouthwashes), in the chosen concentrations, had immediate inhibitory effects and no residual inhibitory effects on the production of VSC in vivo (after both 90 and 180 minutes). The results obtained here do not preclude further study relative to the effects of these plants on halitosis. Therefore, further experiments, in vitro and in vivo, are needed. These experiments will also require the support of further research concerning adequate standardization of botanical varieties, methods of cultivation and harvesting/processing, and extraction of the required components of these plants.
